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71*3)-, 71* ^Vofl 3*]^ ^ ^jzj-, ^ cg^ofl £o]3_ *fll<3^ 

» ^-g-tb ^3 3 3.7} 7flAl£]<H 5£4. 
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" «1 

1020030011639 #3 <U*V- 2003/3/14 

^r^-^V ^ ZL ^ °1# 3-§-tr ^3 3^-{Light receiving device 

and method for manufacturing it and optoelectronic Integrated Circuit applied it} 

5- lSr ^^-g- 4^^- ^-^#71* io] i£^, 

2^r ^ <a -g*HH 4^ ^^^>^ 

£ 3£r £ 2^1 ^ofi tt)-E ^r^"4i7>s) sg^JE, 

£ 4^ £ 2^ -^2] ^-cfl£, 

£ 5 £ 13^ ^ t^ofl 4# ^#^*r aflS^sl <U ^Hl# *flS * 

£ 14aTr <4€- ^^^># ^-g-tr ^^7>^ <a] 7 fl 

5L 15tt ^<H1 ^dfc:*r# 3-g-tr H ^Hl» J±<y 3E^, 

E 17-g- ^ofl 4€- ^r^-^># <HefMS. *fl<l*V ^ ^ s\ 
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•3 H*}: 2003/3/14 



10. . 



10a, 10b. . 



11. . .7l3& 



13. ..-&S1' 



15...^ <3<3 



17,19. . .^fll ^ *112<3<3 



21. ..^H^- 



23,25. ..^1 ^ ^12^1 



27. . .43 



29. ..JLfJ <3<3 



<17> 



-g-^r ^ 2)S(0EIC: optoelectronic Integrated Circuital ^rtr 7 A°\A. 



<18> 



^S)^ tiVi^fl 7l^<Hlfe feSl 4i7>, *J ^5}ol«. ^7} ^ ^ 



«l«fl *|7>3., ^^tr ^ ^4. 4^-1, tfl^^ 



<19> 



o^tr ^el^AS 4^^7># ^>1:^, ##3^ SL^E^^l ^tr S.^ 



3-8- ^^#7l(MPD)7> *§^£ ^iL).a ^*HI*], ^uif ^#7l7> S-^S]-^ W^l-g- 



<20> 
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1020030011639 ^7}: 2003/3/14 

<21> ^, #3#7H $Z<H^, -g-# =L7fl ^^(^ ^^)oflA^ 3 

^(hole)4 ^7}<^ ^sfi ^(transit time) 5+ £^§^ m>^M-7>^ SHHr£°ll eg 

<22> ^e}^. xfl^l^^ 7fleM (carrier)^ §HK£(dif fusivity)^ *r«H] H ^b}-^ o> 

^^^^1 ^31^ (Einstein relation)^*! ^ 

<23> _ Ar 2" 

[*r*H 1] ^ * 

<24> <^7l>H, ?fl^^^ ^£(diffusivity), //ir tUbH^I °1 ^(mobility), 

^r, £rJE(K), 31*} (charge)* M-Ej-\flcJ-. 

<25> ^ ^^-(intrinsic Si)^ ^-f , ^l*}^ ol-g-£(mobi 1 ity)^ ^(300K)^1^ 

1350 cm 2 /Vs(<^7H f V ^ volt, s^r ^(second)lr 450 
cm 2 /Vs5., o]^- £7 > *i7}£] ol^cofl =L7fl ^^H^lcf . US) 5.3., ^^tt&I-^I ^ 

<26> ^l^^^ofl 4-§-^Rr ^7H>^ 3.7\] s>7l £| *H wjj=<?} (built in 

potential:^ nfl ^1^<^^^ ifl^ $.7)^0)} 7)0])^ ^ ^} JL> sl^^o) 

4. , PIN<8 #3 #7^ Jl4p ^*}3^ ( o]^ £7 [ $ 

<27> ^ <H1 ^ 7-R>nfl*fl ofl^ tfl, CD, DVD, HD-DVD^ ^ ^c^^ofl 7l 

^-^h sa-fer 7i ^-/^^ai ^m^, iTii _2.*rojl ^ s 
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<28> £ i-§- %^e>^, 4-g-^- ^#71(1)31 ^ n. A, B, C, D 

A ^ "A, ^ 7l# ^-<>MH ^ <£3^ o}^ ay^. ^-o], til^^^ofl o]el S. 

A^ -£-*r^l S. (FES: Focus Error Signal)^ FES=(A+C)-(B+D)7> sq^L, ^iL *fl^3:(RF 
signal)^ RF signal = (A+B+C+D)7> = X|-^ofl ^ *V E.^^ 

(TES:Tracking Error Signal)^ TES=(A+B)-(C+D)7> ^x}. 

<29> o]S>}- ^o], ^ £^ ^^#7l7> A>^^cfl, ^T^fl ^ a) # 

1- ^-fofl^, -H^r -g-# ^51 iL^ ^ ^o]^ -.^ =-o] sfl^ 

ols. ojijfl ^^5}-^- ^<*|o> ^ ^*}cq oj]^^, PDIC^ ^1 

<30> £ MJ-^^. AV 7 ) ^ y)-<4 ^-o. ^ #0].^ o].^ ^JiLS., Jl^ ^ 

*r 7^5]^ #5. JL^oj -f^*V ^^-^^> ^ H ^1S« 0 >^ ^ Ojl- 

<3i> av 7 | s.^^ ^§>7l <Htr ^ofl rc)-^ ^^^ ( 71^-^; 
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1020030011639 #^ <H*V: 2003/3/14 

<33> ^7^4, Xll<33£ p+^^-S. JE^gSH Sl^, °1 XU^ #X|fe XU^^ 

££4*3 o.S sflE^^ ^jo] ^o] y^^*>4. 

<35> XU^* ^^§>J17V ^ S^-i; i^>^ c$<Xo\) 

7fl^-# 7Mb £^H*lSl XH 1 ^ ^fl^°l $^3<x SIM, A o V 7l XU^^ 

XH^ X|€3 7fl^# -f-*M o}=£- ^olS tg^S^, #71 -fr^XI ^"71 XH 1 ^ 

<36> <^7lA^ A o > 7l ^n^g. A>5)-n]-«y ^o] w>^3l*}t}. 

<37> 71^; #6fl ^l^o] <fl £-e)fs* C) ^1^, 

A o V 7l 71^3}- ^ <^<* A>o]^ ^j-71 o)*fl ^7]^O.S. ^^^^ ?M H>^-^§> 

<38> A o V 7 ] A j. 7l 7lj g. ^oJ*><X ?H «>^*W. 

<39> ^7l 71^ 7ltiV# ^Jl olO P | ) AV 7 ] ^ Aj^ofl 7 ] ^ § 

regrowth*V<X 3^3^- «>^^. 
<40> sl^o} cgo^ ^-u^Kr ^o]j7 ( ^ ^ cg^ollb ^ 030^ ^1 ^2 

^1 , ^71 AfoloU^ ^ <%q^ ?iol*}7) -H^ 
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<4i> #7l JL^ ^^^-4 #3 ^e} ^(poly-Si o]^^ ^ & 

<42> # 7 ] ^4>7Kr W^l-§- *}S.*\] ell °1 ^ ^ 

7}7} <y*l]3j-3 %S.* f %^^-§- f£f, -r^^V* ^l^Rr tfo^^v ^4)- *fl 

<43> #71 ^*>7l ^- ^^r, 7^ #6fl ^£ #^g- ^Z}7] ?> 3} 

<H£. SH-SJ ^^^>* 3L#*Hr ^^7} ^ Sj^ofl olo^Ai, ^"71 ^^7>^, #71 
71^: #ofl ^"71 ^ °§<»H golS. ^€ ^ll^^aq-; #71 

^fll^^ °133>H #7l ## <g*Ml S^lS ^12^^;* S^-^, #7l 

<44> #7l #-f-^-§- ^^7>, ^<3-g- alS^fl 

* ^%±.7\7} <Q^m& W^l-g" # S.*, ^S-l", ^^7l-» ^-tilsf^r tfoj: 

°1S Hfl^m t^tt ^^7> ^ SlS # 0]± *>14S. A>-g-^ ^ Oil}. 

<45> #7l ^*>7l M. ^ofl ^i*} ^S^^r, 7}^ ^*}*}~ 

^l^; -*7l 71^; $]o\} ^ o. cfTflsq-; #71 <$<*\o\) o]Z\S) 

ul, AA S°l S £.°}o]3L, *\3. wVtfl^o.^. £3§^ ^ ^12^^-1: ^ 

^1;# £#«Hr ^-3-2.3. tbcf. 

<46> °)7}*\, #71 afll<3^£- p+^^-S ^3^. ^71 ^1^^ #6fl ^1^4 1: 
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<47> #7l afll^-i- ^*>jI*> sr>^ <£<^ K^4r Ifsfr ^ <3^H1 

7fl^» ^-<g^^o] ^11^ nv nflB^ ^jfl;* c] if-^M , 

*fl<H^ sfl^o} ^ H ao]sl ^io^-g- %o] W^^tf. 

<48> ^nl- bJ)^ 7fl ^L J=L£.6fl^ tf 7 ] afll^o^ % -fr^ £^g- *§^*> 

€"3** ^*Rr #31;* 3 A oM ^ A>o]^ A o V 7 ] ^-S^ofl 

<50> sfr 7 ] ^ cgcd *fll ^ ^l^Rr A>oll- ^ S ^^^>7l 

-H^ ^^^T ^*Rr #31;* 3 S^SH, ^ 2*}QSL3. tifl 1 !^ 

<51> ol^, JE#«^r ^S*}^, £ ^oll ^%^> £ <>1* ^ti] 

^^7>> ^ 3 5.^ w>^*3: ^Hl* #>fl*l ^th=K 
<52> £ 2ir -g- H ^HH ^^*}^ ##S.°l:iL, H 3^. s. 2 ofl £A]si 

<53> 5L<S#-g- ^-2:^, ^«fl ^ ^^-i7>(10)^ 71^(11)3)-, ^-71 71^(11) # 

°fl $1*1€ ^ <^(15)3h ^^(15)^1 ^ S^S- ^1^^(17)2)-, ^T-71 

^11^^(17)2}- °1337fl ^ *9^(15)<m 3^ *ll2^(19)-§- 

^}7l Sj\$r ^-^^(13)^- d ^til^ ti>^^>Cf. 
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<54> AV 7 ] 7l^-(H)O.S^ ^ej^ofl 7l«V* ^ 7l^-(ll)-ir A}-g-S}i- 7$o] v}#Z\f;}t\. . 

<^1« 1-<H, A oM 71^(11) p*g S^r ^e]^ A>-g-^ ^ 014. 

<55> #7] ^Sl#(13)^r 71^(11)54 ^ ^^( 15) A]- OH- ^l*}-^ *i <3 ^ 7j . ^ 

^•Sl^(13)-g- 0 2 1- c a#?]:Eflol^(i nl p lantation )o 1 l <^fl 71^(11) S_t&°\] ^<£*}<^ ^ 
(11) <^m^, 71^(11)^ ^ ^, ^7]- #o> ^o.jels, ^ 

^^(15)# 7l^-(ll)l- ol^.- --^4 J^OJ £ - o. A> ^ 2\7.\ 7Hb 

regrowth 7pg-§}c}-. 

<57> a o V 7 ]<4 ^-ol 71^(11)H]- ^ ^^(15) ^rS]^(13)ofl ^«fl ^l^JlS *|<2 

£-3#(13) ^ 0 H1 ^^7.>(10)S.^ S\±r H-^^l ^"71 71 

#(ll)£r ^7l^<y s.^o] #^^>H.S. ( 51^ ^r5L ^ 5L^§ ^ofl m^^j- ^l*Vol 

<58> nl-eM, 7l^r(ll) #ofl ^sl^(13)^ ^l^Rr 73 ^-o^ #7] 71^(11) 

Hjl^l(SiOB:Silicon Optical Bench)-g- ^l^cfl, Si bare waferl- 

A r-§-^ ^ ^-71 71^(11) o_51^ ^5]^g- <>l-g-*r^ *§^3^r IC-g- ^e)^ 

<59> W tffl*]-g- BE^r IC ^-g- ^1 o] 3^ o^l igj-tgofl 

<4^- ^^t.V(10)«- i^*Rr $\3-7} *8^J£M, #7] -S-s]fKl3)£- SlM^ 



46-11 



1020030011639 ^^ Qx}: 2003/3/14 

<60> <#7]S± ^-o], £-S}#(13)£r ^-71^ ^!^-]^ ^ofl ^ ^% 

^KlO)* ^ 9lsm tb^. 

<6i> g:^ ^-7] £ii|#(13)£r -g- l^ofl 4^ ^^4i^>(10)# 7}&(11) -*HM n 

^ ^S(^7lAi, n^r 2 o^Vcq ;^)o] J^o] ^^a^ 7}*\5m ^^*>7lM- ^ 

oj-s. ^^>do)# envois. ^^*>7i ^7i^<y ^^-i- ^t!-^. 

<62> AV 7 ]^ 7^o] y.^^( 13 )o. ^Bj^ofl o^fl, £ rt-xgo]) 4^ ^^-^(10)^ 

t^^* ^€ ^ Sll^. S&tb, 4^ ^^-^XlO) ^7fl 

7> 1*}^ Eb 2^>^ <H3HS ^1 ^r-E. 

<63> ^-7) ^ ^(15)^ ^#(13) A oHl ^5l^°fl 71^ b regrowth^H 

^^Ib tiV^*>4. #7l ^ ^(15)^ 71^(11)3]-^ ^ ^^-(lattice 

match)* #7] 71^(11)31- £b #^ ^11- , Si, Sic 5£b nfo]o> 

<64> A o V 7 ] ^ cg<*} (15) ^ ^ *lT$o\] ^ ^^7K10)^1 3# ^°\) ^ ^ 

£ ^°fl ^^7>(10)<H1 £l*fl S^V* ^^KH^ S}b ^-fofl^ ;*] 

^ ^(15)^ Hi 51^ gMl ^H, ol^.cf 7J 2)-^ ^-g; ^ J17> ^ ^ 

-*Ml^r ^^(15)^ ^^11- ^7)1 ^ ^cf. 

<65> g:^ ^-71 ^ ^(15)^ «B>^q-7>^ i^*>Ji, overgrowth 

sib , 3*} ^-^(lattice mismatch) s^l ^7>£]b -HS}^ 33 

^^slb ?H uV^-^^cl-. 
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<66> d)]M. ^o] t M. ^ofl af^ ^^-^(10)1- 4^ ^#-§--2.5. A>-g-*>J7^> f>}±r 

^-f^lfe, ^"71 ^ <Sq(15)-a- ^ele* °l-g-*H #1, lj/m ^£2] ^15. 
^ €4. 400nm ^^-^ ^-ofl cfltsfl ^e^S] cfle}= 10 5 ~10 6 °]H-S, 

n^l ^, ^ ^(15)^ l//m ^£.3. ^SflS. 95% ^w.^ *^ 7 |- <£o] 

<67> o]^ ^ sj-^Hl i4 e]- 3}^ <8^(15)£| ^ 5flo.s.3. f ^^^XlO) 

» ^*Kr^l, 7)^(11) ^ ^#^Kl0)» ^^*>J17> ^ ^^Hl^l: £-51^(13)* 
^^*>^ Jf-g- SIM0X(Separation by Implantation of Oxygen) «o v ^-i: °l-g-*>^ 4 
5!t 4. 

<68> ^-7] 1 17 )£: ^ ^(15 HI ±$Si\ ofl^tfl, ^(boron) SL^r 

-¥-"1tet(A1), ^#(Ga) ^-§- ^HH^ ^(shallow) H°]S. p+^<5] o_ 

S., <££r ^(shallow diffusion) ^ , iLfy ^^\t\]^ , ^SLS. 
(ultra-shallow diffusion) ^*fl pl^S -E-^sl^ Hl-^^-t^. oS{ 7 ]^\, 

<69> ^-71 ^l^^(17)^r °1^7ie]# #711 ^ <r <S£r <^mcfl , Cfl^ 

50nm ^S^l 4^^1-4. 
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<70> ^ ^^(15) #2} »H^^(17)# 3H*H ^#*Rr *W ^H}^ 

£ 7fl^# 7}*m ^H^(21) sfli^ ^^JI, c] z\]o]vy(21) 

7fl^# sK> ^ ^11^^(17)^1 ^ 

<7i> ^7l^, 50™ ^5L2\ £.^Rr ^ °J ^^IH^I fi]«fl^£ 7^} 

71 nfl^l, ^7l ^11^^(17)^: <y#^lH^ ^ofl ^ «fl ^€ ^£ 5^. 
<72> *fr 7 ] ^2^^(19)^: ^-71 ^1^^(17)3}- o]^ Si Tfl ^ (15)^1 #£fl^il5. 3 

^r(deep) S°lS. ^#=1 iL4 ti>^-^*>7fl^, n+ 5L^§ ^^3., « 5^ 
# ^*cHl ^1*11 w>^W. #71 ^12^^(19)^ ^ *$^S\7] 

<73> ^-7121- £o] ^d\] trfs. ^^^(10)^ ^7}9\- ^1 2*^ «3«Ul5H| *U ^ 

^12^ ^(17) (19)* ^#J1S titi*l*]: 7>^liq-. 
<74> ^o\] ^ ^#4i*K10)t7 *fll ^ *H2<3 ^(17) (19) <*u\o}o]^ 

^17^1-51, ^t^lJL-I- #^*>7l 31*11 ^1 ^ ^12^ (17) (19) 4H1 Al ^ 

^l2^^-(23)(25)* t:-! fal^cf. 
<75> #71 ^11^^(23)^: ^ ^jifAl^ ^ JjL^ -H-^l^l ^ ^1^1^, HO 

ZnO^-S. ^€ 4h^l ^ ^ £1 ^ ?H HHJ-a)^, #7l *H2#^-(25)£: <£^-*l 

tt(A1)4 ^ -g-^ ^ ^o_jg. ol^-o]^ - oicf. 

<76> olxtfl ? p+^O.S. £^§€ 1^(17) #^1 ^#£1^ ^11^^(23)^:, ^11^^(17)^ 
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<77> ^11^^(23)^- £o]2i\ 5L*§ cgcrfo} ^)i^^(i7) ^Hl nfl ofl?ltfl, 

ultra-shallow junctional ?M *r SZ^l ^?>, °1 3 -MS. *ll 1^(23)4 3*M SHr *fll 
^^(17)^-^1^^ junction^ 44 5)7] g^tf. 

<78> nJ-BH. *U^(23)* *fll^(17)4 Ir^^^^S. ^VSMj- sflE^^ ^ 

<79> t£*V ( ^-71 ^1^^(23)^ -R-^l ^SLS. ^i*Kr ^-f, ^°\} 

^%4i^(10)l- ^]1^^(17) ^Hl ^H°V(21) 4^ ^tfls. ^ & 

°1 ^-T" ^ ^^-^(10)^ ^1^^(21) Sfl^O) ^ofl O^J] ^f^o. 

3- 4^^^ 7>^4. 
<80> 51 2 ^ 51 4^ ^ofl 4^ ^^4(10)7} #7l *fl 1^(23)4 HtflS afll^' 

^(17)4 ^*>i^ 5flE^^ ^H^-(21)# nF" ti l*Hr °fl* ^§4. 
<8i> a o v 7 ] ^^BV(2i) 2fl^^, ^ <^(15) ^1^^(17)0. 

^mtfl, ^51^ ^^§V tf^-, S}-<4 ^-g- 7Hf iSe}^ 

^44 ^-^-g; oj-g-^cx^ ^zV^vfloi, ^ ^c^^ ufl, 4^0] 7 fl^7> 1*} 

^ 31^ 2*}Q<LS. tifl<g^ f£S *r &4. °H, ^"71 *1H4(21) ^ 

£r 7i4(dry) ^4 ^4(wet) ^-g: *§^€4. 
<82> oln|] ( ^ll^^(17)^r ^7} *)U*1H4(21) 7fl ^= ^ SKKshal low 

diffusion) ^ Hl^r ^^H^ ^*cHl 4*11 -g-rii Hl^r ^^^cf. ov 

H <ti^ 44 ^O], # 7 | ^lCg^( 17 )^ <£0. ^.A]- ^ofl <g^4^ 

*>^, <y#?HH^i ^£ &4. 
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<83> ^-71 ^l<H^(21)^8r ^s]^ -tV^-^-(Si0 2 )^-S. % *} v}&2\is}r).. 

<84> =1 <#7] *)H^ V (21) 3fl^^ #7] *ll 1<3 ^ ( 17) °1 SKH] o] £fl <£ 

■& %<%£\S.^ interstitial <3^-g- Z\JL, ^-^^91 

7}^ ^ ^S^^l 2]?V vacancy defect* SH* ^H*V^, 

<85> Aj-7] A>2j.n^ ^5}^ ^ o] S ^o) Qjo]^ + ol^a 3 ^ 3= 

<86> ^-A> ^.o>6j)Ai V}6\) ^nVo] -^ 7 |. ^^(^ 

A)^.cf ^^TlM- ^^ol^, vacancy(^^^)7> ^-S. JHH «3*8=-§- 3K>°1 

self-interstitial(* r 7l #Afl)<>l ^s. <31hg- *1 ^ ^-aJ-o] ^o] Qo]^?]} ^cf. 

<87> ^lES, #3^* Si self-interstitial ^ vacancy7> ^ 

3^ ^15. ^^^>^, Si self-interstitial^ vacancy7> *\S. ^^-5l<H £^r^ 

vacancy ^ self-interstitial^f #^1^^ ^^^r ^r^^ 7l^S- 0 HM^ 
£ '^s^ S^-HS, Jitf 7Hltr ^Sf#th 

<88> ^7)9\- £o], Aj-5j.nl- o.^ q ^H^(21)^r interstitial ^^§- 

^ vacancy defect <3 *!:-§- *H , »U^^(17)ol "tt^r <8^slS. 
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<89> ^ 7 )9\. Qo] »ll^^(17)* *$<%^k 3*H ^r^l 7fl^-# 7>*1^ ^s^JL 

S € ^<H^(21) 3fl€# ^3^*>al, °1 *)H^(21) 3fl€^ 7fl^# ^-«B S^V ^ofl 

*ni<g^(17)-§r ^*Rr ^-f^, X1<H^(21) ^fl^^ 7^ ^ 7fl^ wfl 

*H1 ^l*8^(17)ol 1^ SE^r 2*}^ ^eflo]^ cfo^v ^ Slo-H, 

<90> £ 4<M^ <|J ^^•cg^^ofl ^ll<^^(17)ol 4^711 ^ *1 5=1 ^ ^^.S. 

£*13<H SUr^l, oj^tV *lll<83(17)3 1:°!^ ^H^ v (21) 7fl^ a>o] 
°fl ^1^bV(21) ^-g^ slcf. 

^V(side diffusion)^ £|*fl *1H^(21) o]-sfl^oil £ £J g <^^o] *g^rKB3. 3-*^ J r 

<92> ol^*V *0°W21) sfl^l 7fl^P- o]*l^ *lH^(21) -^-^-^ ^ ^ ^|1<8^ 

(17)^ 1;^^^ ^ ^<>1 7>^*>cf. 

<93> a 0 v 7 1<4 7fl^-» *flom(21) ^*>JI, o] X|<H^(21) 5fl 

€^1 7lR* Xll^^(17)# ^*fEl, ^ ^11^^(17)* ^75} 

<94> ^1^^(21) 3fl^^ 7fl^» -f-tt SKM, £ 4ofl H>iq. ^o], 

(21) -^-g- o>2fl^°fl5L SH+ ^^o] ^^s)£.s.(BS. a Al*!: ai|<H*K21) afl^^l 7fl 



46-17 



1020030011639 #<N «J*>: 2003/3/14 

^11^^(17)3]- ^*K£^- »ll^iq-(23)* fi^Ht n fl, ultra-shallow junctional *fl 
^t}*fl.E, ^^nv(2i) o]-efl^ofl f$s§Q <ga^ u itra-shallow junction^: *1)*1*1 

§i£l, 1^(23)^- i-S-^-S ^*1H:£ £ ^ofl ^^^V 

(10)* ^IS^ ^ Sack 4^1, *r€- ^r^^XlO)^ ° 0 MH3°1 -f^>cf. 

<95> £ 2 5E 4ofl Hj-sq. ^o], ^1^(23)^- -n-#*ll 

<*l, *lll^(23)-4 ^l^nV(2i)ol ^i<3<*( 17 ):4 jiicfls. ^^>£^- £ 7^^, 
<H«K2l) 2fl€sl ^7H1 <qsfl ^ s^v<3°^ ^-ofl cfl^- ^ej^ ^ oi^, 
^ 4^^^ # D J:* *r ^^^>(10)« ^ 5^. 

<96> ^l^ 7^0} z\)o]^(21) sflEl^- 33-AV-g- ^.Q- interstitial ^-g-^l ^^>§- *V 

<97> £ ^J- ( A 0 l-7l *1H^(21) sflei^ junction #^71^ 

<98> ^, ^H^ V (21) 5£fl^i-£L(- -B-^^lS. ^ *ll 1^(23) °1 *Hl^ 

(23)-8: °l^Mir -B-^^l -^1 — *1 IK sheet resistance)^- ^lM^l, ^^efl^ 

( spreading)^ ^ ^-§r *M , <=>] ^1^^-(21) ^ , ^sl-^Hl 

4r^l# ^SLsL ^, ^12^1^(25)4 -H-n-^#^ 7 r *l^r #^o] ^-oi^ 3g 

<99> ttf^, -g. u^m. ^^-^Kl0)^f ^1^^(23)21- ^1^5V(21)ol *fll<3 

^(17)3|- JEcflS. ^Kr ^-SS. ^3<3, ^^>^<y 7l^(ll)ofl ^oi^ 

a l*fl, ?11 *IW ^(capacitance) 7} ^7}s\3l, ultra-shallow junctionals # 
u}o}o]^d\] tunneling dark current )♦ Q^*]^ junctional 
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44* ^ €• #7l#(E field)<>l 7>*fl^£ ojofl cfl*V tfl^-g-lf-g- 

#*ll ^n>o.3. 01=.^^] JjL-g-jit} $711 ^1^^(17) ^, P junction^ 

°1 5^ (high doping)sM 9X°-E.S., #^-2-3. ol=^^1 J=L o^o] 0 ^ ^ 

<M ^^fl *eM1 ^, <£&^-7\ ^g^r ^ £U, electro migration^ ^ 

<101> ^Sl€- #5^4 -H-^^l ol^O^^l J=L£.ofl7^ -fr^ 

0 l#-°i^l ^iH} ^71^-oj #cH#7ll sqjELiiL, ^51^ ^>5r^ol <*y>C|o^ ^oj-ofl <^ 

^■^£(uniformity)# S^fl^4. 
<102> ^7^, £ 2 £ 4<*fMfe- £ iJ-^ofl ^^-^(10)7} ^ ^4*1 ^ *r & 

-n-^^1 € *Hl^(23)4 ^H^"(21)ol ^11^^(17)4 ULtflS. ^2: 

3. ofl# J±^§4. £ yj-^j nj-s. ^^.^ Kl0) - ^^n|(21)ol ^7l€ 

*§^€ ^S. 9X^n, °1 ^ l#^-(23)£r *fl 1^(17)4 Ir^^^^-S ^ <5>£^- 

^^-^K 10)^1 ZL ^#^o^ <q^j=L «.<>,] a] ^11^(23) 3fl 

<103> £ ^ofl ^ ^%^>(10)^^ -frjL ^<3^ o^o] cg^oflA^ ^ «^^(15) 

* ^>£^- ^51^ ^^-(27) ol ^o] HV^-^^cf. ojsq. ^-o] ^ 



46-19 



1020030011639 %^ 2003/3/14 

c§^(i 5 )^ #*>5E^- ^e}^ ^^(27)* *g^*Rr ^^(15)^ 
*H, ^^(dark current) ^^1^ ^ 91^. ^3 <3*ll» ^^fl ^^tt 

^^(27)^ ^<H^(21)4 ^Alofl ^^SlTlM-, ^£2} ^tfl ^ 

^r#^(10a)(10b)* T^Rr ^ 91^-. °H, ^r^-^^l-dOaXlOb) 

ojofl^ n ^^-^^^(10a)(10b)# ^s. ^<a^>7l ^Sfl JL^ <3<*(29)°1 ^o] w> 

<ios> ^-71 Jl^ <S^(29)£ ^-el^(13)3f S^JE^ ^1-71 Jl^ <3^(29) 

(10a) (10b) A r °l» #7]*\CL3_ -g-e^}7l ^*fl, ^#<5Rr 51 8a ^ 51 8b«lH ^ $1^ 
^ol, AV^uV ^, ;g<£*Kg; J=3l*Hl ^^*>J1 E^l^o] yj ^ofl s. 

sl ^el^(poly-Si)* ^l^Rr <g>$€ ^ &i=k 

<106> £ 2 £ 3<HH^7 ^<H1 ^^NM-(10)7r 27^ ^^"^ ^ (10a)(10b)^r 

^«l*Rr Ji^fec-fl, °1^ ^a1^ &°_3_, a. ^-tgofl rtf^ 

*r(10)« 37fl ol^-s] ^cg<*^- ^W]£Hr ^ -#<3 ^-t^Rr 7> 

<107> A o V 7 l*V W>^- ^ ^-^ofl tEj-S. ^^-^7>(10)oll 14=^, ^12^^(19)^1 

^12^^(25) ^, N#°fl t^^lu ^ofl 7H>J1, ^11^^(17)^1 

^11^^(23) ^, ?%A -fr^fl ^BHl -^tf-g- ^ ^-EfloflA^, 
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#°1 ^ ^ <^(15HH ^ai^iji, 7H)*1 3 

HW°1i #^1 , ^M8€ #7>Hr +^<?I ^12^1^(25)^0.5. 

<=} ^1^^(23)^5. 7Hr£M ^T^t}. 
<ios> S*}-, t^ofl aj-g. ^^-i^KlO)^, ^3. £tfl^o_3. £3g^ ui ^12<^^ 

(17) (19)^1 ^^.S. *ftx\s\°] *fll ^ *H2<S 3(17X19) ^ *U ^ ^l2^^- 

(23)(25)°1 <§>83<H o}^, ^ £3g o|«j2f ^.<aj^ ^ofl tfl^- ^-g: 7^2, ^^>sq- 

<i09> ojeltb ^ ^^-^>( 10)^1 ttj-eig, p + s^^oi ^11^^(17)51 ^ 

^17> g}=7l nfl-g-ofl, ^|i £ ^12^^-(23)(25)^1 3«H°1^ ^7>Al tflef ^ wj-^ 

&7]*M SjSH, ^11^^(23)^1 7lBl# °1^-<5}J1 #*Hr ^ ^ols. 

^2^3(19) #*fl ^12^^(25)^1 ^1 Tlsll- ol^.§>7ll ^cf. 4 

2M, #7} ^>°1^1 °1 -^(mobility) *r°Hl ^tb ^-g-( response)^ *1<£ (delay) 

<110> ^th ^"71 ^ y}<4 ^ -g- ^^7}(10H 14^, ^, ^1^3(17) 

^ -r-^l7> ^^V^ ^^KlOHl «l*fl ^=71 nfl-g-ofl cfl if-g^ ^-o] ^ «^3(15)^^ 

^ ^ <3 3(15)°1 ^71^^.5 ^el^ ^VsKHl s]^ ^l^-sf ^*1 i 

^(isolation)Sl^ 5a°~B5, «§^<s] ^ ^ 9X°], # ^i^- 

7> 71^1 ^fetf. 

<m> a *V ( *H 1^(23)^- ^133(17) ^M] ^*Rf3l ultra-shallow junction 
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<112> tcf>Y t £ ^c]} tcj-s. ^^-^^(10)^ -f}-4*11 #4£ € 4l4^-(23)4 44-& 4 

3§3-4-°-3. € *I144(21)4 414^(17)4 44^r ^2:o]a S . ( 44444* 

4, 4^4 4444^4 4^* 4444 <r 5£4. 

<113> o]*)., £ 2 ^1 £ 44 £44 .g. 444 ^ ^Al^ofl itj-s. ^4^4(10)4 4-f 

1- #4, 4^4 4€- ^4^4(10) 4^44* 4444. ojsHl^^ ^Hr4 

^r^-^^(10a)(10b)* 7>4^r ^4ii4(10) ^S^^ <^)# 4*3 44. 

<H4> ^ f £ 5-i- 4^44 , 44^4 44* ^ 44(11) oj]^, n ^ ^ p ^o} ^ 

4^- 44:(11)* ^*)44. ^-71 7l^(ii)o_3.^ -f-44 44^ 44 «H4-§- 3H41- 
4-§-4" *r 44. tiAl, -8-71 7l#(ll)JL3ir 4434 IC 44-§- 44€- $H4» 

4"g-« ^£ 44. 

<iis> ziei 4^-, 5L 6<>fl 44 ^4, 4 44^- 44(11) ^444 ^4^4(10) 

-& ^44 4444 £-4* 4*fl 02» °d #44 4 444 4444 44* 4^4^r 
£-4^(13)* 4444. 4-4 44(H)* 444 4€- ^r^4(i0)« 44 
4 44 44^£ 4-8-444 4 444 4^ ^4^4(10)1- 4^ ^-4 

444^4 4^ 4-^4^, 44(11) 44 4 em 13)* 444 4-3-7> $14. # 

£-444 4^ ^4^4(10)7} 44 ^44 4(i0a)(i0b)* ^44^ ^44 
^ 44-4, 4 -£-4f<i3)* 444^ 44^ 444 ^ 44. 

<n6> 4*-°-3., £ 74 £44 44 £4, 44 44(11)4 ^4 H4r 444 44^4 
44* ^ #4 ^144, 44^-* regrowth4^ 44 4^(15)* 4444. °H, 44 
44(15)^ ^44^4 4^ 44 44* usi^U, 44 444°1 4444 4 
4 4444. 
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<117> 4^-3., S. 8a*\] £4€ 44 ^-ol, cg^( 15) ^ eg (29)^8- 4 

*H. M^l^l(trench:29 , )# 4*, £ 8b<Hl J£4€ a>sf ^-o] , ^#<3<* 

(10a)(10b)# ^*>JL*> ^ *l>8 <8^(15) ^^(15)-ir 
^ ^4(27)* ^3}-4(27)£r £4 W ^ofl 4*11 ^^S) 

*r a>^-3j^4. ^JsJ^ #sW27)£ ^2^(19)* $1*H*r ^4 

4 S*fe4. 

<iis> 4^.0.3., £ 9<=H1 44 £4, ^s]^ <*^4°1 ^€ S«*l(29')4 w]^- 

*H #4 ^4^§T ^*V4 J^o} ^^-cg^( 10a )(10b)# 4^. ^d7|^S ^<?!*>7l 

4tt -H^ <8^(29)-§- £-4^(13)4 $t£^ ^§W4. °H, ulU ^(29)* ^4^- 
€ ^<£44 #4 ^4^-S ^44. 
<119> zl*-, £ 10<=>11 .£44 ti>Sf ^o], oj*V^£l N 4^ 4^ ^1^4°} *fl2<3<3 

(19)* ^tt4. ^12^^(19)^ S^lS. ^44, n+^^-S. 51^4 ?H w>^s-> 

4. 

<120> £ 11^1 JE44 w}<2}- ^-o], ^%<^^(10a)(10b)# ^4^4 4tt 44 

ofl ^Hr4 7fl^-(a)-& *3Zi44 7 }^44 ^0^(21) sfl^* 

^tb4. 

<121> 4^5., £ 12^1 JE44 tl}-<4 ^o) ( *flo}n}-(21) 7fl ^ # <^4, 

fit SHH^, p+^i^ -£^4 <££r S°14 ^l^^(17)ol ^44. *l)4 
4(21)* ^4^- 444°-^- ^4^, 44: ^ H4 4#444 : &, ^rS.^- 

44" ^cH 4*344, *fll<34(17)£r S4s ^^4^1 £4. 
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<122> q] ^^-^^vflollA-l >IH^(21) *HfHfe 4^r^ 7fl^7> Si-^-S., °^ ^ 

^111^^(17)21 ^ ^21-^1^. 3E#, 7fl^ A>oHl o^4el ^HnV(21) Jf^o} 3.^ ^ 

*l *>^, A 711^-S ^€ ^ll°J^(17)ol ^£ ^rf. 

<123> 4^8- £ 13ofl *fl<H«K21) Sfl^^l 7fl^ Jf^M ^jl^^ 

(17)^1- SJ-^JE^- *#*11 *l|l^(23)* ^ ^ Jl , ^12°J^(19) ^Hl ^ 

, a||2^(25)* ^^W. ^"71 ^)<H«K21) sflU^- *fl 1^(23)^ 

3rH| n>>r33>1 *Vuf. ^1^^(23)^: #-§- ^-^m *r -B-^^l 

<124> olufl, oj-^ oj^-^ «><2f ^o], ^l^^-(23)-8- iL-g-AS #B]£ S]£S, °<KH3°1 

<125> £ l 3 ofl £Al^ tiVfif ^ol, 2|Hn}-(21)4 ^ 3= Zj ^ fl^ *Hl^"(23)°l 51 

rflS. ^11^^(17)4 ^ ^3E:sL ^afl ^^-4i4(10)^ 

*jM^(21) sfl^o^ ^ ^o S /l Sl«fl -a^* AAA] 3^, oH ^1 

*fl ^ 4-^°J^2l <r^*Hr ?H 7>^*1-Cl-. £ t^<Hl 4^ ^^-^>(10)7> ^ 

^ 4^ ^-i- ^#*V5i-i=- ^H^(2l) sflfi-g- zi ^ sj-^afl sfe ^7ls 

^ <83(15)-8; H *3 4^1 cfltb #£-*V ^ 7 > ol-ol^ - oi^ ^1 
3. €4. *f)<H*K21) sfl^^l ^71 ^ °J^(15)^1 ^*fl ^ 

wHl nq-eq- ^=14. 
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<126> <^7}*], ^11^^(23)^- ^Ml *)H^(21) 2fi€£: *fl7l€ ^5L ^Cf. 

o]^ #o] ^1<H^(21) *H7l*Hr ^-fofl^- ^l<^^(17)2f ^Sj-JSMf- afli^ 

^■(23) (10a) (10b) <g^S)£^ 

<127> ol^-o]lA^ -S- ^ofl tt]-^ ^^-^KlO) ^J-g- <^1# ii^V^Hl, ol 

5-1*!: *fl2:^£r 7l^^ igiflifloj)^ ^^ol 7>^-^ 

<128> olAj.^^ ^-o. ^ofl 4f ^^X>( 10)^1 $X°]X\, 71^(11)^ % 

-g-^l-§- ^$-8- t^7>, #51*11 eJM*l * ^J$^} 7 } «y*fls^ 

^•S-l", ^^-8- f£t, zz. ^ ^^7>1- ^ti^Rr r^-^tV ^ v&2\ ^ S>M- ol^- 

2} ^r^^Vl- ^l^Vfe #*l7> ^2} 5)S ^ a^JE s>u)~§- allol^s A>-g- 

<129> £E*V, £ ^ofl rcj-s ^^-^(10)1- ^-§-*V ##7> #-f-*J-g- 

*}, ^^-8- *r^dt*}, #5i*fl Eflo]^ ^ ^#^}7> <y*(|3^ W41-8- ^t, ^ 

sW4 ^^-±:7>7> 1*>^ £E^ 2^ <^elHsL tifl^^ cHJ=3- #^7> ^3 3^ 

<130> £ 14a ^ £ 14b* #3£*pa, n^^*K50)(70)^, f^it ^*>7] 

9lt\. 51 14b°fl M-El-\fl ^o], ^6fl 4^. ^^7>(10)# ^7fl ^wl*Hr ^ 

, 7l^(ll)ofl ^^7>(10)7> <>|eflolS. yfl^]€4. £ 14b^ 

7l^r(ll)ofl *Hr^ ^^7K10)7> ^R^S. afl^^ ofl^. ^ctj^i^l, a}-§- -EL^ofl 4 
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A ^r^-^XlO)^ ^ ^ tij]^^ ^e}^ ^ 514. ojufl, 71^(11)4 z}- ^^-^>(10)^ 

^(15) ^Hl^r #71^*1 ^-i: ^ ^Mtb §-^#(13)ol ^%&7\ 
#(10) a>o]^ ^ S ol^slTHM-, #7]$ -H^ ^(29H ^^^4. H 14b°fl^^ 71^ 
(11) 4^3] ^^-^KlO)* 3*H £-^#(i3)# ^^*>jl, ^^7>i- 

(10) ol^sl^l ^^tb <^1* iL^^^. 

<131> £ 14a^ #^]-g- ^fi^ *>-8-3fe tflAibfl, ^ ^^*>» ^l^Rr tf€- 

-g-S.^ #^7> ^ A>-g-^ ^ t= Ub - ^Al-g- ^^7>S. A> 

-g-^ir T^^l^l , 1*>^ Hi^r 2^^-S. afll^l ^^7>1- ^-tij^Kr tJ-& -g-£^ 

<132> ^dt*Hr ^ofl 4^ ^^7>(10)# £ lofl ^Altl H><4 ^ 

^%<$<q*. ^H^Rr ^Cf. ^^-g- ^%r^7>^ %v]^ELo\) 7)^ 

<133> ig-igofl 14s ^ 2]^^ <g oflSAiS] #2.^ ^-^O.^o) a> £ ^ ^ 

°]X\sH- ^^*Kl0)7} ^ sfl^i^l ^ ?3ilJL, %S. 

<134> #-f-A] -g. ^-2.^- ^ ^2.fA M. M^ofl ^ ^^7>(10)^ 71^: 

(11) ^- tiflol^s. a>-8-*M %n ^^(Si0B:Silicon Optical Bench) ^^S. 
€ ^ 51^. 
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<135> £. 15^ tifl^(lOO)^ ^ ^1* J± S. 15«1H 4-g-ll ^r^^XllO)^ £ 

4^- t^^KIO)* 2>2S. Hfl^^ 47)]^ ^^cd-g- ^til^Rr 
3Hi=K eflol^ (120)5. 5^13 ^ eflol^ cfo ].$.;!=# ^-t^Kr £ 

16<^l 3.<*\& *W %k°) , =L ^JLS. #a>s]^ $]o)z\%-£- ^^f$o_3_ 
*}?)5L^, a_V£^l eflolx-1(l20) <£SHf ^^.<^1^ Bflo] ^(101)^1 tfisf 45515. Tfl ^ 

^€ ^>^(130)^r ^*Hr 
<i36> £ 15^^-ife w 3]*Hl00H 4*tt ^^-^>(110)« ^p-wl^H, ^ Hfl^l (100)« 
t£tS ^>-g-*m i» iL<*)^. ^#4i*X 100)1- ^ 7>x]^ 
^^S *g^*>^H-, £ 14b» t2S ^^*1 w>sf ^o] ( ^-^o] ^^-i- c^eflol^. afl 

<137> £ l 7 o. ^s}^, ^ cf^- ^Al^^, -M. ^o]} ^ ^#7,} 

^3 2)5(200)^ -g- ^^o)l tr|.3 -^^( 10 )l- 2^ ^eflojs. h]^^ ^2-5. 
^£ 91^. 

<138> o]^- ^-o] ^6\) W-^ ^^XlO)* 2*}^ o^MS. tifll*!: ^2:^ 

£)5(200)^r »<H, -H^l #^71-^ ^ A>-g-^ ^ olcf. ojnfl, 

4^ ^r^^XlO)^ if , *V ^ ^ 

°fl ^r^^XlO)!- 37fl Hfl^l^>Jl ( 2^°fl 37fl^l ^%^*Xl0)7> ^ ofl 

^tfl, 3^(R), ^J}^(G), ^%(B)-8: ^r^>£^- *X£, ^ s)-^ 
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<139> ^-rgofl ^^(lO)^ S^j-AjE^-g. ^.nV*>7|l ^ *H , <^1» 

, 3^#(R), ^#(G), ^^^-(B)-i- 3L#*Rr 7}a]%<$<*°] ^ - 015: 

^ ^€ £ ^ofl ^ ^^^(10)1- 2^ <H3H Hfl^VJl, o] 2*}Q <H 

<140> ol^-oflA^ ^tgofl icfS. ^#^K10)# SL^Kr #^*} 2]SS1 eg*?- ^ 

<141> ^-7) ^ «>Sq- ^ ^. ^ofl 4s. ^^^ > o}^£7]- ^ oi^ 7^7}- 

#71 rtfl^-ofl, o-^ ^7)^1 ^Oj- Jl^ -g-^£» ^ 

<142> S c^. j ^^O.^. A>-g-£]^ £3g cgctf ^-ofl Al-sj-nV^ o.*^ ^^-0] JUcfl 

—S- , S.^ ^ 91°], 

nJ-eM, ±o}^7} z\#s\o] *lj$6\ -f^>cf. 

<143> 5£*V, ^^^^^ A}-g-Ej^ £3g cgcri ^Vofl €3^" ^S)"^^- JSLtf] 

<144> S c*}- ) 7)^. ^-^ ^^-^7># 71^-4 ^ A\o]^. ^71^^.5. 
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-8- ^i*h «V£^i Eflojx-i g ^^■ 4l ^7> -MsHei W-tl-§- tat, ^M^-g- 

^Hr3 ^r^7>7> l*Hl HL^r 2*}^ <H3MS *fl*l€ nf«y=^ ^ ^ 3°! 

£E*h ^#^*Hr Jl^ -g-# ^£ IL^ ^ iio]^ %■ 

*r ^ g-^l^o] 4-<^o) ^ ^ ^> ^^cfl, PDICofl 
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1] 

^, ^7) ^1 «J ^12^^ ^3. ^Vcfl^AS. i^§^ ^ ^^>. 

2] 

^U%H1 55l°H, -*7l p+^s H^sM 9X°-^, °1 afli*^ ^Hl^ 

*fll<3^ t^^^lS 3*K£-^ sflEi^s] ^;oj tgs$Q ^ s^ios. ^ -^a. 

[^t 1 * 3] 
[^T 1 * 4] 

£ «JJf <3*H 7fl^* 7^^ *£^r3$l sfl€<>l SU^l, ^-71 

^U^^ ^"71 *iH^ ^^o] ^ ols ^^s)^, ^-71 -fi^l 
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[*<^# 5] 

*flr%Ml sa°H, #7l ^U^* *>fe ## ^ i^Kr 3<H 

£ ^ ^^^1 7fl^# 7>^fe Sr^ajoi *H°m sfl^^r ^#^31, #7l ^l<g 

#71 ^lt-f Sfl^fil 7fl^* -f-^H &o)£_ f$S$S\!=; ^ ^ ^% 

[^T 1 * 6] 

^14%> ^15%H1 #71 ^Sl§- ^S^o] ^ ^lo S 

7] 

8] 

*fll*J- ifl*l ^15%1 ^ ^ $ %H1 91°]*], #71 ^ll^^^r S^r <3#£ 

Efl°l^d ^/HL^ #71 ^12^^^ S^r ^-#o]l o^^fl # £| ^ 3} * ^ 

9] 

^1^ ^15%> ^ ^ *J-ofl 5U°H, a o V 7 ) 7]^- A o Vo]l ^^S)^ ^7H<?1 ^ 

^l^^V7l ^ £-elfs* t:-i ^Wl^ ; ^-71 7}&^ £# A\o}^ ^-71 

°fl ^*fl ^71^0.^. ^-g; S^10 S ^ ^^7>. 
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10] 

[^•% 11] 

*H10"M SH*!, #7l ^5^1 71^ ^Ji ^o.^, #7l <^<^ ^ 

7l«hg- ^ #^-§: regrowth^H f^AS ^^Mi*}. 

12] 

7l*h8- ^ regrowth^H ^£ 3* ^^'^ *^ ^%^>. 

13] 

^)9%H] 5^1, *Hr^ ^l^Rr ^-Solja, z| <m<>\}±r 

3* ^'OS ^r^7}. 
14] 

*1U3%M1 SU^i, Ji^ <^<*-£ *d<&^ ^sl ^(poly-Si )il °l-¥-<H*l 

55* *Hr ^#i*K 
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15] 

-SM ^ <3<*^ -^e^l ^ regrowth^H 3* ^^5L 
^ ^^7>. 

16] 

*fl*l ^5^ ^ %H1 &<>H, W^l-g- ^^-8- ^#^M- 

, avs^l 3? ^%&x}7\ «J*fla^ ^-S-^l-g- tat, ^^-g- ^^t>> 

» ^«l*Kr rf^tt « <a*l ^ ^r^7>l- ^al^TlM- ^%^\ 7 } i*}<£ 

£E^r 2*1-31 o^Ms ufl*l^ cfoj^v ^ 35)3.^1 3-§-£]tt 3# ^iLS. SRr 

^r^7>. 

17] 

4 v 7i 71^: ^ofl ^ ^^34; 

#7l *fll ^ ^2^<*^- HVcfl^o.^ £3g^ ^o. h^o^ ^ j^^y ^ -g] 



46-33 



1020030011639 #^ 2003/3/14 

18] 

*Hl7%H 91°]*], ^7) afll^^ p+^iLS JE^gsH 9l°-*\, °1 *fl 1*8^ A oHl^ 
^1^^ l-«a#*|o_5L ^}51-l=- sflB]^^ *g>8€ 

19] 
20] 

*fll9"M 4 V 7l ^11^^^: ^*>JI7} *}~ ^ S^-i- X^Rr ^ 

^ ^^H 4^ 7fl^# 7>^1^ #<g^^ol ^ H nV *$^S\o] 9X^, 
7} *Hl^£- %7] ^H^- 7 fl^-«- ^ iiolS. ^- 7 1 o.;^ ^ 

^3 sis.. 

[^^J- 21] 

o|5i <^ °§3H 7fl^-» 7>^^ Ir^^^^l *1H^ sflU* ^ ^ 75} , ^-71 *]l 

°§<5-& ^7) *\)<>\kV afl^o^ 7^1- ^ ^£)*r 3^- ^0.3. ^ 

^3 SIS.. 
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[^t 1 * 22] 

*fl20* 3t$= ^121*oH1 ^^H, #7l *1H^£- 3* 
[%^* 23] 

all 17* vfl^l *)l21* ^ *«*fl 5a°H, #7] 31^ **1*K£-^ 

&^°] 3* ^^AS *Rr ##7> ^3 

[^n 1 * 24] 

all 17* *fl*l *1l21* # * %H] &<>H, ^"71 Tfll^^r ^ SE^- °J# 

25] 

afl 17* ifl^l all 21* ^ ^ ^-ofl *?1 71* #<H| *§^S|<H ^7l^<?l 

y i9l^r ^*}7] ^ Ci ^SH, *7] 7l^3f ^ <^<* A>ol^ s& 7 ] g-g] 

^6\] S]Sfl #713 .2.3. ^ <5Rr ^#7> ^ SIS.. 

[^n 1 * 26] 

*)l25*ofl &<H>M, A oM ^"71 71 # S^ofl o 2 l- ^SJ«H *§^€ 3^- ^ 

§>^=r ^#7> ^ 315.. 
[^* 27] 

*H26*<M1 *7l 71^ ^S^ofl 7l«V^ & O.^, ^-71 ^ ^ 

21^*11 7l HV^r ^ #^ regrowth^H <8^€ fiffe ^-#7> 
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28] 

e^°fl § regrowth*M ^€ 3# ^K 1 ^LS ^-^^ ^ 

[^t 1 ^ 29] 

[^*J- 30] 

^129%H1 #-f-^l-§- ^%^A, #^-§- T^i^}, ^£^1 ^ ^r^" 

« 3\ ^%±7}^t ^ti}*}7]^ ^%±*}7} 2.^ 2*\% °]z)}o]g. tifl 

^^7> ^ 3)5. # *H-£ Af-g-s)^ 3# ^-^3^-5. ^ # 

^7} ^aj 

31] 

^125%H1 ^Ai-g- ^tM, #^<3-§- ^r^M-, a>5.^1 7^ ^ 

^7,\7\ <Q*mQ w^i-g- # s.^, ^^-g- %s-^, s.^\xr %n 

2)5.. 
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[^^8- 32] 

^17*0- *fl*l *H21%> ^ flo^, #7l 71^ ^el^fl -zl 

9lSLv\, ^7) ^ ^B^°fl 7l«M- ^ regrowth^H ^€ 3* 

s *m ^-^7> $^ s\s_. 

[^t 1 * 33] 

*)ll7^ vfl*l *fl21# ^ ^ Sj-ofl fc^, ^Al^. ^i*>, ^^-g- 

7>« ^t^Rr t\.°£i& wfl^l ^ ^ ^^"i^l-l- ^tJlsj-^M- ^-^^ ^f i7 }7| 1a> 
^ JE^ 2*}^ ^elMS. cHftt ^"^7> ^ Sis. ^ A}-g-s] 

[^^8- 34] 

^133%H1 &<>H, Aj. 7 ] ^^-^7). 2 ^ c^eflols. yfl^l^o^ cj-xj) g:- ^.^ ^ 
35] 

#7] 7lt <3^# ^*Rr ^741^; 

#71 £^ ^^^1 ^s °1 ^ 5ll Jl , zl-zl- ^ ^ol ^ aolol^L, a-Ijl aVtfltg 
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36] 

#7] ^H^^^r p+^lS S.^ ^^M, ^7} ^11 

37] 

[^D" 38] 

°]5. ^ <3^1 4^ 7fl^# l-^^^^I *1H^ ^*Hr ^ 

^ ^71 *1H^ 3Xfl^^| 7fl^* -g-<5H ^ ^0]^ ^1<^«^- t§A^}.i=, 

39] 

40] 

^138^- £r ^139%H1 9X<^*], ^7} A}^-& ^^91 ^ ^$<LS. f>\^ 
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41] 

*fl35%> ifl*l *ll39%> ^ $ *cHl &°H, A oM ^ y oM^>-£^- 

42] 

*1135%> ifl*l ^139^- ^ ^oHl 31°]*], <$7] ^1^^^ 5^ ^ 

oj^^tflol^ ^ ^/5E^ #71 ^112^^-8: S^r ^ ^°ll ^1 ^ ^ 51] ^ ^ 
43] 

*I135%V ifl*l ^139%> ^ <Hi^ *<H &<>H, ^ <3<*j-i- <S^*>7l *H1 # 

7l 71* #ofl ^7l^^l ^1^-^71 ^^V Mf-fr $>£*Rr #31 !» 3 

*Kr ^^7> ^l£H^ . 
44] 

^143%H1 5a°H, ^-Bl^fr #71 7]* a^oil o 2 » ^<a*H ^ 
45] 

^144%H1 #71 71^ ^5l^ofl 7H&-§- ^Jl #71 <3^£r ^ 

al^l 7l«V* ^ regrowth*}<*| # 3 ^ <5>tt 

^l^«o V ^ . 
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46] 

*1143*<H1 ^^H^i , 7]^ ^E^l 7] tf-JL 9XSL^, ^7) ^ <S^£- ^ 

71 § regrowth*H ^ -gr *>fe 

47] 

^35%!- ^fl39%> ^ %>ofl #7l 7l ^ ^^1 7 )ti>^- -Lju 

^"71 ^ <3<*j^ ^s^l 7l*h§- ^ 1-^* regrowth^H 3* ^ 

48] 

*)135^ vfl^l ^1139^ ^ *V *J-ofl $1^^, ^ cg<* ^ ^! ^ ^2^^1- 
49] 

*ll48lMl 5U<>H, ^71 Zi^ <3^£r ^sl^(poly-Si)^S <>l-?-<^ 
50] 

^35^ xfl*| *fl39%> ^ ^ *V %H1 A o v 7l #-S-^l-£ # 
^^-g- ^r^7>, tiV£^l 3H*i ^^^7]-7l- ^sHS W^l-g- f£f, ^^-g- # 
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%±x}7\ 5E^r 2*\% <H3H^. tifl^l^ cf^tb ^3 sis. ^ q°]S. o]2=u 
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